Green-mature soybean (Glycine max) extract (GSE) inhibits the progression of immunoglobulin E-mediated inflammation more than the ordinary yellowpigmented soybean extract (YSE). The inhibition of nitric oxide (NO) production by GSE in lipopolysaccharide-stimulated RAW264.7 cells has been found to be lower than that by YSE. However, this inhibitory ability became markedly pronounced by visible light irradiation. We investigated the anti-inflammatory effects of GSE and visible light-irradiated GSE (L-GSE) on dextran sodium sulfate (DSS)-induced colitis, immunoglobulin E-independent inflammation, and assessed whether light irradiation affects their anti-inflammatory properties. The severity of DSS-induced colitis was moderated by the ingestion of any of the soybean extracts, and L-GSE was the most effective in moderating the progression in colitis. GSE and L-GSE, except for YSE, inhibited the mRNA expressions of pro-inflammatory cytokines and chemokine in mice colons. All soybean extracts suppressed the mRNA expression of inducible nitric oxide synthase (iNOS), whereas GSE and L-GSE also inhibited the expression of the iNOS protein in the early phase of colitis. These results suggest that GSE is likely to suppress NO production, unlike in vitro results. Unfortunately, a significant difference in the anti-inflammation ability of GSE and L-GSE was not observed in the DSS-induced colitis mice. However, GSE and L-GSE are likely to become new candidate agents for the inhibition of inflammation and excessive NO production.
Soybean (Glycine max) is one of the major crops in the world. It contains many phytochemicals including isoflavones, soyasaponin, phytic acid, and phytosterols, which have various benefits for human health [1] . The seed, seed coat, and cotyledon of soybean cultivars have been developed in a wide variety of colors, such as yellow, green, brown, red, and black. Green soybean differs from 'edamame', whose grain and seed coat still remain green after ripening, and contains chlorophyll and a larger amount of soy isoflavone glycosides, such as genistin and daidzin, than the ordinary yellow-pigmented soybean [2] . Recent studies have reported that green soybean extract (GSE) confers greater protective effects on immunoglobulin E-mediated inflammation, such as allergic rhinitis and atopic dermatitis, than yellow soybean extract (YSE) [3] . GSE showed a low activity in the inhibition of nitric oxide (NO) production in lipopolysaccharide (LPS)-stimulated RAW264.7 cells, whereas NO production was highly suppressed by treatment with L-GSE (Figure 1 ), similar to the anti-atopic dermatitis effects of GSE that become stronger after visible light irradiation [4] . GSE and light-irradiated GSE (L-GSE) also suppress the IL-2 expression [4] . These results raised the possibility that GSE and L-GSE are also effective in immunoglobulin E-independent inflammation. In the present study, we focused on the antiinflammatory effects of GSE and L-GSE on mice with dextran sodium sulfate (DSS)-induced colitis and compared their antiinflammatory capabilities.
During DSS treatment, the rates of weight loss in the L-GSE group were significantly suppressed on Days 7 and 8 ( Figure 2A ). Although the weight loss of the YSE group was pronounced until Day 4, it was significantly inhibited on Day 8. There was no Inhibitory effect of soybean extract on NO production. RAW264.7 cells were co-treated with 500 ng/mL LPS and 50 µg/mL soybean extracts for 18 h. Data represent mean values ± SEM; **P<0.01, ***P<0.001. significant change in weight loss between the GSE and control (soybean extract-untreated, DSS) groups. However, the GSE group tended to inhibit weight loss throughout the experimental period. All the groups treated with soybean extract showed a reduction in the disease activity index (DAI) scores, which indicate the severity of colitis, from Day 4 to Day 6, and a significant difference was observed between the L-GSE and DSS groups on Day 5 ( Figure  2B ). The L-GSE group had suppressed colon shrinkage after DSS treatment compared with the DSS group ( Figure 2C ). Furthermore, we scored colonic inflammation and mucosal damage using histological analysis. Although the differences were not significant, all the groups treated with soybean extract exhibited low histological scores ( Figure 2D ). These results are consistent with a previous report showing that the oral administration of daidzein-rich isoflavone aglycones has an anti-inflammatory effect on DSSinduced colitis [5] .
Various pro-inflammatory cytokines and chemokines are involved in the pathogenesis of DSS-induced colitis, and neutrophils infiltration into the lamina propria and submucosa leads to tissue injury [6] . Previous study showed L-GSE suppressed the expressions of pro-inflammatory cytokines in THP-1 cells [4] . We measured the mRNA levels of pro-inflammatory cytokines (IL-1, IL-6, IL-12 p35, and TNF-) and chemokine (MIP-2) in the colon. These expressions were significantly suppressed in the GSE and L-GSE groups on Day 8 ( Figure 3A −E). In contrast, the mRNA levels in the YSE group were the same or increased compared with the DSS group. The inhibition of these mRNA expressions may be one of the factors that influence the attenuation of colitis in the GSE and L-GSE groups. Although the mechanism for the attenuation of colitis induced by YSE remains unknown, our results suggest that the mechanisms underlying the anti-inflammatory effects of GSE and L-GSE on DSS-induced colitis are different from that of YSE.
In the case of DSS-induced colitis, NO production in the intestinal mucosa is increased by inducible nitric oxide synthases (iNOS; After 24 h, the cells were treated with 100 ng/mL LPS and cultured for an additional 12 h. Equal amounts of total proteins (60 µg/lane) were separated by 7.5% SDS-PAGE and transferred onto PVDF membranes for the detection of each iNOS protein using protein-specific antibodies.
another name is nitric oxide synthases 2, Nos2) [7] . The iNOS activity increased along with mucosal inflammation. The enhancement of NO production by iNOS is thought to play an important role in the host immune response [8] . However, the overproduction of NO may be toxic and causes tissue injury. L-GSE suppressed NO production in LPS-stimulated RAW264.7 cells (Figure 1 ). Therefore, we evaluated the effect of L-GSE on iNos mRNA expression in DSS-induced colitis. Contrary to expectation, these expressions were significantly suppressed in all groups treated with soybean extract compared with the DSS group ( Figure 3F ). The expression of the iNOS protein in the colon of a DSS-treated mouse was also suppressed by the intake of GSE from Day 4 through Day 7 ( Figure 3G ). It was also fairly suppressed in the L-GSE group on Day 4, but the suppression disappeared by Day 7 ( Figure 3G ). These results suggest that GSE and L-GSE attenuate inflammation by inhibiting the synthesis of the iNOS protein during the early phase of DSS-induced colitis, in addition to the expressions of pro-inflammatory cytokines and chemokine.
To explore the effective mechanism of GSE and L-GSE on DSSinduced colitis, we focused on the green soybean specific contents, chlorophyll b. Because chlorophyll b acts as a catalyst and facilitates the oxidization of many compounds [4] . Further, singlet oxygen is generated when chlorophylls are exposed to light [9] . It is Anti-inflammatory effects of GSE and L-GSE Natural Product Communications Vol. 13 (2) 2018 211 possible that singlet oxygen may have some influence on isoflavones. A previous study analyzed different components in L-GSE and GSE; however, only one molecule, protodaidzeone, was determined as an active compound that induced the suppression of NO production in LPS-stimulated RAW264.7 cells [4] . Protodaidzeone is an oxidative product of daidzein in L-GSE, although L-GSE contains a small amount of protodaidzeone [4] . Soy isoflavone is known to have an inhibitory effect on NO production [10] . Therefore, we investigated whether the inhibitory effects of daidzein, its glycoside form, daidzin, and genistein on NO production is enhanced by visible light irradiation. Genistein is a major isoflavone in the green soybean [2] . NO production in LPSinduced RAW264.7 cells was inhibited by treatments with any isoflavone samples in a concentration-dependent manner ( Figure  4A ). Daidzin showed a weaker potency than daidzein due to its low availability in the in vitro experiment. Although daidzein irradiated with visible light in the presence of chlorophyll b appeared to increase the ability to inhibit NO production effectively, such inhibition was not observed with genistein and daidzin ( Figure 4A ). These data suggest that the component involved in enhancing the inhibitory effect by light is not genistein. Treatment with any sample type inhibited the expression of iNos mRNA ( Figure 4B ). Although there was no significant difference in the expression of iNos mRNA, this inhibition by daidzein was enhanced by light irradiation ( Figure 4B ). The expression of the iNOS protein was inhibited with treatment of high concentrations (100 µM) of daidzein, regardless of light irradiation, and light-irradiated genistein ( Figure 4C ). However, light-irradiated daidzein appeared to increase the inhibitory ability at a lower concentration (25 µM) ( Figure 4C ). Although there was no difference in the expression of iNos mRNA between GSE and L-GSE, the expression of the iNOS protein was strongly inhibited in the L-GSE-treated cells ( Figure 4B and 4C). These results suggest that the enhancement of the NO inhibitory activity of GSE by light-irradiation is partly due to daidzein, daidzein derivatives, or some components other than isoflavones contained in GSE. In our preliminary analysis, inflammation was exacerbated by treatment with 1.0% L-GSE (data not shown). Thus, there is concern that the excessive intake of L-GSE could adversely affect the symptoms of colitis.
According to the results of the present study, we surmise that GSE and L-GSE attenuate inflammation by inhibiting the expressions of pro-inflammatory cytokines and neutrophil chemotactic factor. In addition to this, GSE and L-GSE could directly inhibit the synthesis of the iNOS protein during the early phase of DSS-induced colitis. In the in vivo study, GSE strongly inhibited iNOS protein synthesis. Light irradiation may mimic or promote the converting process of soybean components occurring in the gastrointestinal tract. Further research is required to explore the novel anti-inflammatory components of soybean, except protodaidzeone, and its host target molecules. However, GSE and L-GSE are likely to become new anti-inflammatory supplements.
Experimental
Soybean extract and isoflavone: GSE and YSE were prepared from Echigomidori (green) and Fukuyutaka (yellow), respectively, according to a previous study [4] . GSE and YSE were irradiated with a white light fluorescent lamp (2,000 lux) with stirring for 72 h at 25°C. The soybean isoflavone and chlorophyll mixtures-100 µM daidzein and its glycoside, daidzin (Cayman Chemical) or genistein (LC Laboratories) dissolved in 50% ethanol and supplemented with 280 nM chlorophyll b (Wako), which are equal to the amount of GSE (100 µg/mL)-were irradiated as described above. After irradiation, these samples were evaporated, lyophilized, stored at −80°C, and dissolved in DMSO prior to use.
Mice: Six-week-old female C57BL/6J mice were purchased from CLEA Japan. The mice were housed in socially compatible groups in individually ventilated cages. Mice were given free access to drinking water and standard CE-2 diet (CLEA Japan). The room in which the mice were kept was maintained under control conditions of temperature (23 ± 2°C), humidity (50 ± 10%), and 12:12 light: dark cycle. The Institutional Animal Care Center Committee at the University of Shizuoka approved all animal sample collection methods. The animal experiments were done in accordance with the guidelines of the Animal Care Center Committee at the University of Shizuoka and the "Guidelines for Proper Conduct of Animal Experiments" from the Science Council of Japan (Approval # 115011).
Experimental design: After the acclimatization period, the mice were divided into five groups (n = 5) with equal mean body weights and were fed with AIN-76 (Oriental Yeast) containing 0.3% of each soybean extract (GSE, L-GSE, and YSE groups) or AIN-76 only (DSS group). Subsequently, the mice were treated with 3.0% DSS (molecular weight: 36,000−50,000; MP Biomedicals) in their drinking water from seven days after the administration of experimental feeds (Day 0). Fresh DSS solutions were prepared daily. The severity of colitis was evaluated using the DAI score as reported previously [11] . All animal experiments were completed on Day 8 because the DSS group reached the humane endpoint criteria of weight loss. Mice were euthanized on Day 8, and their large intestine was collected. A part of the distal colon was stored in RNAlater (Thermo Fisher Scientific) at −80°C until RNA extraction. The colon samples for histological analysis were fixed with paraformaldehyde phosphate buffer solution (Wako). Histological scoring was performed as described previously [12] .
Real-time PCR:
Total RNA was extracted from the colon tissues and cultured cells using the Nucleospin RNA II kit (Macherey Nagel) according to the manufacturer's protocol. Real-time PCR was performed in a Thermal Cycler Dice Real Time System (TAKARA Bio) using SYBR Premix EX Taq II (TAKARA Bio) and specific primers ( Table 1 ). The relative mRNA expression levels were determined by comparison with a standard curve, following normalization to the housekeeping gene -actin expression chosen as the control. The mean of the relative mRNA expression levels was obtained from three measurements. NO assay: NO production was assayed indirectly by measuring the accumulation of nitrite plus nitrate according to a previous method [4] . Briefly, the RAW264.7 cells were maintained in DMEM containing 10% FBS at 37°C in 5% CO 2 condition. The cells were seeded at 2 × 10 5 cells/mL in 24-well plates and incubated for 24 h. Then, 500 ng/mL LPS (Sigma-Aldrich) and 10 or 50 µM of the isoflavone and chlorophyll mixtures were added to the cells. After 18 h incubation, the amount of NO released into the medium was measured using the Griess Reagent System (Promega) according to 212 Natural Product Communications Vol. 13 (2) 2018 Yoshikawa et al. the manufacturer's protocol. Experiments were performed in triplicate.
Western blot:
The murine colon tissues obtained on Day 4 or 7 were minced in RIPA buffer (Sigma-Aldrich) and homogenized by Biomasher II (Nippi). The RAW264.7 cells were seeded at 2 × 10 6 cells/mL in 12-well plates and incubated for 24 h. Then, the cells were treated with GSE, L-GSE, 25 or 100 µM of the isoflavone and chlorophyll mixtures (including 70 or 280 µM chlorophyll b, respectively). After 24 h incubation, the cells were supplemented with 100 ng/mL LPS and cultured for an additional 12 h. Then, the cells were lysed with RIPA buffer. The homogenate tissues and cell lysates were centrifuged (12,000 ×g, 4°C, 15 min). The supernatant was collected, and the protein concentrations were measured using the Pierce 660 nm Protein Assay Kit (Thermo Fisher Scientific). Detection was performed using anti-Nos2 (N-20; Santa Cruz Biotechnology) and mouse monoclonal anti-Actin antibodies (Merck) as primary antibodies. Alkaline phosphatase-conjugated secondary antibodies were purchased from Santa Cruz Biotechnology.
Statistical analysis: Statistical analyses were performed by ANOVA with post hoc Bonferroni correction using GraphPad InStat ver. 3.0b (GraphPad Software). Differences were considered significant at P<0.05.
